Forty-four adult patients with acute asthma were treated with albuterol at a rate of 15 mg/h over 2 h. Analysis of covariance showed a significantly higher baseline adjusted mean for both percent predicted forced expiratory volume in 1 s (PFEVI) (p=0.045) and percent predicted forced vital capacity (PFVC) (p=0.022) at 50 and 110 min for the patients who reported triamcinolone use. Although heart rates decreased overall during the first hour of albuterol treatment, a rise in mean heart rate occurred during the second hour of treatment only in patients reporting triamcinolone use (p=0.005). After accounting for the effects of parenteral corticosteroids, the effect of reported triamcinolone use remained significant. These data suggest that use of inhaled cor-R ecent approaches in asthma therapy have focused on treating the inflammatory aspects of the disease.1 2 The role of corticosteroids especially has been re-examined. Present recommendations have included use of inhaled corticosteroids even in patients with mild asthma as well as early use of systemic corticosteroids in patients suffering from acute asthma in the emergency department.' Although the anti-inflammatory effects of corticosteroids are well described, some reports have also suggested that these agents may also enhance A-agonist responses. 3, 4 The manner in which f-agonists are used in acute asthma has also changed. Reports have been published describing high-dose albuterol or terbutaline, administered both by intermittent as well as continuous aerosolization to children and adults with acute asthma.58 Present recommendations call for albuterol administration at a much higher frequency in patients with acute asthma seen in the emergency department than that normally used in ambulatory patients. ting.10 In the present study, reported corticosteroid administration was related to albuterol responses in patients with acute asthma in an attempt to examine the assertion that f-responsiveness is affected by corticosteroid administration. A significantly different pattern of response was observed in patients who claimed to be taking aerosolized triamcinolone. The characteristics of the patients with respect to corticosteroid administration, spirometric response, and changes in heart rate are thus detailed in this report.
MATERIALS AND METHODS
Between August 1991 and April 1992, 38 adult asthma patients were entered into an institutional review board-approved emergency department studyl' that randomized subjects into albuterol aerosol treatment at a rate of 15 mg/h over 2 h by either continuous or intermittent modes. The former was delivered over 50 min each hour by large reservoir nebulizer (HEART system, Vortran Medical Technology, Sacramento, Calif) while the latter was delivered 5 mg every 20 min by acorn-type jet nebulizer (Weeneb Marquest Medical Products, Englewood, Colo). The key entry criteria for these patients was that in addition to having asthma,"1 at the time of presentation, a hand-held peak expiratory flow meter reading was less than 300 L/min for men and 250 L/min for women.
Parenteral methylprednisolone (125-mg bolus) was administered at the discretion of the study physicians at the end of 1 h of therapy. Aminophylline was not administered to study patients. Details of this study are described elsewhere.'0 These data were analyzed and did not show a significant difference in overall spirometric responses between the modes of nebulization, but Six more such adult asthmatics were treated in January 1993 (also randomizing the mode of nebulization) before the study was terminated. The 44 patients were pooled for analysis in this study. The same questionnaire was administered to all the subjects and included questions about concurrent disease, prior hospitalizations and emergency visits, current and past outpatient medications, demographic information, cigarette smoking, duration of asthma, atopic family history, and home/occupational environments.
Spirometric measurements consisted of forced expiratory volume in 1 s (FEVy) and forced vital capacity (FVC) and were made at times 0, 50, and 110 min using a dry rolling-seal spirometer (Ohio Medical Supply, Houston). The PFEV, and percent predicted FVC (PFVC) were calculated using the Kory/Polgar reference values12 with no corrections for ethnicity. Vital signs, the presence of tremor or agitation, and symptoms of side effects were also determined at these time points. Peak flow measurements were not recorded.
A computer program (SAS PROC GLM or LOGISTIC programs, SAS Institute, Cary, NC) was used for all multiple variable analyses. Differences between groups (two tailed) were compared using Student's t test for continuous variables and Fisher's exact test for categoric variables. Logistic regression was used to analyze proportional differences in heart rate increases from time 50 min to time 110 
RESULTS
Of the 44 patients studied, 23 received albuterol by intermittent aerosol treatment while 21 had continuous albuterol aerosolization. Thirteen of the 44 patients reported using inhaled corticosteroid and the only preparation used was triamcinolone. None of these patients were receiving oral corticosteroids. Of the 31 other patients, 3 were receiving oral prednisone at the time of examination, 2 at 10 mg/d and 1 at 30 mg/d. Some of the baseline characteristics of the study patients are listed in Table 1 . Of six patients who received intravenous corticosteroids at 1 h, three were in the triamcinolone group. Of three patients who were admitted to the hospital, two were in the triamcinolone group.
The mean age of the study patients was 40.9 ± 12.9 years, with a predominance of Hispanic patients (58 percent) followed by African-Americans (40 percent), with the remainder being whites. Fifty-five percent of patients had Medicaid or Medicare/SSI. There was no significant difference in age, ethnicity, or payment mode between patients who claimed triamcinolone use and those who did not. No patients had observable tremor at study entry but 11 had tremor at the end of the study treatment period. Three of these 11 patients claimed to be using inhaled triamcinolone.
There was no difference in heart rate, PFEV1, or PFVC response between those who received continuous compared with those who received intermittent albuterol aerosol (ANCOVA, p>0.5 for all analyses). Subsequent analysis models, therefore, examined the impact of corticosteroids on spirometric and heart rate values without including nebulization mode since the latter contributed little to the variance of dependent variables. The overall PFEV1 at 50 min and 110 min was higher for patients reporting triamcinolone use (ANCOVA, p=0.045) compared with those who did not. The responses are shown in Figure 1 . The overall PFVC at 50 min and 110 min was higher for patients reporting triamcinolone use (ANCOVA, p=0.022). The PFVC responses for the two groups are shown in Figure 1 . Heart rates showed a difference in the rate of change between 50 and 110 min (Fig 2) MINUTES OF ALBUTEROL TREATMENT FIGURE 2. On the lett, heart rate responses with time are shown according to whether patients had reported triamcinolone (TR) use. On the right, heart rate responses with time are shown for those who did or did not report triamcinolone use, stratified by whether patients received parenteral methylprednisolone (MP). TR=patients who had reported triamcinolone use. NO TR=patients who had reported no triamcinolone use; MP+TR=patients who had reported TR use and received parenteral MP; TR ONLY=patients who had reported TR use but did not receive MP; NEITHER=patients who had neither reported TR use nor parenteral MP administered. MP ALONE=patients who had reported no TR use but did receive MP. Standard errors not shown in the right figure for the sake of clarity. heart rates, PFEV1, or PFVC (data not shown). Diastolic and systolic blood pressure as well as FEV1/ FVC ratios did not show any significant changes with time, nebulization mode, or inhaled triamcinolone grouping (data not shown). A history of smoking did not show any effect on heart rates, PFEVJ, or PFVC (data not shown).
Because parenteral corticosteroids were given in six patients at 1 h, the effect of this additional treatment was explored by assessing the time-related effect of this intervention using two-way ANCOVA with triamcinolone usage and parenteral steroid administration as independent variables on 50-and 1 0-min values, with baseline values as the covariate. There was a significant time by parenteral steroid effect (p=0.044) on PFEV1 as well as on PFVC (p=O.00l). Graphic depiction of these effects is illustrated in Figure 3 . There was a higher slope of the mean spirometric values at times 50 to 110 min in those who received parenteral corticosteroids. Including the parenteral steroid effects did not diminish the significance of reported triamcinolone use effect for either PFEV, (p=0.038) or PFVC (p=0.017). With heart rate as the dependent variable, no overall slope difference was associated with parenteral steroids (p=0.214), but there was still a significantly higher slope between 50 min and 110 min for patients reporting triamcinolone use (AN-COVA, p=0.001). Graphic depiction of this is shown in Figure 2 .
DISCUSSION
These data demonstrate a significant association between reported triamcinolone use and altered responses to albuterol aerosol at a fixed dose. Other studies have examined the role of corticosteroids in enhancing 32-agonist responses. In the Dutch nonspecific lung disease study, inhaled corticosteroids enhanced responses to 032-agonists overall in ambulatory asthmatics.14 Ellul-Micallef and Fenech3 demonstrated an enhanced FEV, response to isoproterenol (Isoprenaline) in 10 patients with stable asthma treated with one intravenous 40-mg dose of prednisolone compared with placebo. Klaustermeyer Budesonide inhalations can affect osteocalcin levels.17 Some effects of inhaled corticosteroids on the adrenal axis have also been reported. '8"19 The possibility that systemic absorption may lead to enhanced 3-responsiveness in the cardiovascular system is supported by the finding in the present study of an increase in heart rates between the first and second hours of albuterol treatment. This effect was of a greater significance level than that observed for spirometric responses. Taylor et a120 reported that normal subjects had biochemical but not cardiovascular response differences to ,B-agonists when treated with prednisone, 30 mg/d, for 1 week compared with placebo. The amount of albuterol used, however, was only 10 mg compared with the 30 mg used in our study. The heart rate pattern observed in the present study suggests that initial heart rates reflect heightened sympathetic stimulation from acute asthma that subsides quickly after 50 min of albuterol treatmentinduced bronchodilation. Subsequently, however, the continued presence of albuterol and perhaps its serum accumulation appear to cause heart rate increases at 110 min only in the patients reporting triamcinolone use. That this is due to a subtle upregulation of /-responsiveness by triamcinolone is a hypothesis that requires further study. Another possible related explanation for the observed heart rate increases in the triamcinolone group is that systemic corticosteroid absorption may have reversed the cardiovascular tolerance to /3-agonists.2'
The present study did not verify triamcinolone or albuterol serum levels nor did it examine regularity of medication use. Also, the study was not one designed to experimentally test the effects of triamcinolone, so that the apparent effects seen may not have been causally related to triamcinolone alone. Furthermore, the role and magnitude of recent oral corticosteroid administration could not be accurately assessed. Selection bias may have resulted in the more severely ill asthmatics receiving triamcinolone inhalation from their providers. The apparent bronchodilator-enhancing effect of inhaled corticosteroids, if confirmed, would constitute another advantage for using this medication in maintenance treatment for patients with frequent exacerbations not controlled with as-necessary /-agonist therapy. The possible effect on cardiovascular /-responsiveness also suggests that chronotropic effects of high-dose albuterol should be monitored in patients who have been using inhaled triamcinolone, especially with prolonged albuterol treatment.
